Objective: This study compared sex differences in disability and depressive symptoms using reports from hip fracture patients and their proxies. Method: Hip fracture patients (49 men, 183 women) aged ≥65 years and proxies were interviewed 1 year postfracture. Outcomes were Center for Epidemiological Studies Depression (CES-D) and number of dependencies in performing activities of daily living and instrumental activities of daily living. Results: Mean ADL sex differences (men minus women) were 0.40 (p = .37) using proxy reports and 0.70 (p = .08) using patient self-reports. Mean CES-D sex differences were -3.60 (p = .02) using proxy reports and -1.26 (p = .38) using patient self-reports. Discrepancies between patients
Introduction
Disability and depressive symptoms are important outcomes to consider when assessing disease consequences and treatment effectiveness among older adults. However, both disability and depressive symptoms are subjective constructs that rely on respondent perceptions for assessment. When a patient is unable to self-report disability and depressive symptoms in the research setting, proxies (e.g., relatives or caregivers) are commonly recruited to provide assessments. Proxy reports can help to minimize selection bias and preserve studies' external validity because the sickest, most cognitively impaired patients would otherwise be excluded from analysis (Corder, Woodbury, & Manton, 1996; Long, Sudha, & Mutran, 1998; Snow, Cook, Lin, Morgan, & Magaziner, 2005) . However, although older adults and their proxies have been shown to hold similar conceptualizations of health (Lawrence, 1995) , issues of bias remain even when proxy assessments are collected because of proxy-patient dyadic disagreement. Specifically, proxies tend to overreport older adults' disability (Dorevitch et al., 1992; Epstein, Hall, Tognetti, Son, & Conant, 1989; Lum, Lin, & Kane, 2005; Magaziner, Bassett, Hebel, & Gruber-Baldini, 1996; Magaziner, Simonsick, Kashner, & Hebel, 1988; Rothman, Hedrick, Bulcroft, Hickam, & Rubenstein, 1991; Santos-Eggimann, Zobel, & Berod, 1999; Todorov & Kirchner, 2000; Weinberger et al., 1992) and depressive symptoms (Bassett, Magaziner, & Hebel, 1990; Mackenzie, Robiner, & Knopman, 1989; Magaziner, Zimmerman, Gruber-Baldini, Hebel, & Fox, 1997; Teri & Wagner, 1991) . In general, large discrepancies have been observed when measuring private, typically unobservable characteristics such as depressive symptoms (Epstein et al., 1989; Hung, Pickard, Witt, & Lambert, 2007; Snow et al., 2005) .
Evaluation of proxy assessments is particularly relevant for hip fracture patients. Hip fracture is an increasingly common condition among older adults in the United States (Agency for Health Care Policy and Research, 1999) . However, many older hip-fracture patients are unable to self-report disability and depressive symptoms due to cognitive impairment; thus hip fracture studies are highly dependent on proxy reports (Magaziner et al., 1988 (Magaziner et al., , 1997 .
This reliance on proxy reports may be particularly important in understanding postfracture sex differences. Although men who fracture a hip die earlier than women (Hawkes, Wehren, Orwig, Hebel, & Magaziner, 2006; Penrod et al., 2008; Wehren et al., 2003) , men and women tend to experience similar postfracture physical functioning (Hawkes et al., 2006; Samuelsson et al., 2009) . Accurately quantifying sex differences in postfracture disability and depressive symptoms is important in light of this apparent contradiction. Such differences may merit tailoring treatment decisions, such as type of pharmacological preventative and postfracture surgical treatment, based on sex (Hawkes et al., 2006; Dy, Lamont, Ton, & Lane, 2011; Endo, Aharonoff, Zuckerman, Egol, & Koval, 2005; Samuelsson et al., 2009) . Indeed, sex differences have been observed at the time of fracture. Male hip-fracture patients are younger and sicker (Bacon, 1996; Hawkes et al., 2006) and more likely to be married or cohabitating (Endo et al., 2005) than female hip-fracture patients. As a result, spouses are more likely to serve as proxies for male than for female patients, whereas offspring are more likely to serve as proxies for female than for male patients. These differences in proxies may lead to biased results when using proxy reports to evaluate sex differences, because spouse proxies (Ostbye, Tyas, McDowell, & Koval, 1997) and proxies cohabitating with a patient (McLoughlin, Cooney, Holmes, & Levy, 1996) tend to provide reports that are more concordant with patients than other types of proxies.
The primary objective of this study was to assess postfracture sex differences in disability and depressive symptoms using both patient self-reports and proxy reports, and to determine whether the two raters' reports produce conflicting conclusions. The secondary objective was to compare rater conclusions according to subgroups of proxy respondents to identify ideal types of proxies to recruit in studies. We hypothesized that conclusions about sex differences would differ most between proxies and patients where the proxy was not living with the patient, such as most offspring or unrelated caregivers, because these proxies tend to spend less time observing the patient compared to cohabitating proxies (e.g., spouses).
Method

Study Sample
This analysis used data from a validation substudy conducted as part of a larger prospective cohort study to examine the sequelae of hip fracture during the year postfracture (Magaziner et al., 1997 (Magaziner et al., , 2000 . Among 674 patients enrolled in the prospective study, 328 patients were eligible for the proxy substudy. Among eligible patients, 233 patients completed an interview 12 months postfracture and provided the name of a proxy who completed the proxy interview at 12 months postfracture. The final sample for analysis consisted of 232 patients (49 men, 183 women) and patient-identified proxies (patient-proxy dyads). One patient was excluded from analyses due to missing values for all outcome variables examined in this study. Patients were recruited from eight Baltimore, Maryland hospitals from January 1990 to June 1991. Patient eligibility criteria included being community-dwelling and at least 65 years of age at the time of fracture. Eligible patients were asked to identify the person most knowledgeable about their health and general abilities. Patients were interviewed in person at their residence, and proxies were interviewed via telephone. The study was approved by the Institutional Review Board at the University of Maryland School of Medicine. Informed consent was obtained from all participants. Additional details regarding the study sample can be found elsewhere (Magaziner et al., 1997 (Magaziner et al., , 2000 .
Measures
Study outcomes included depressive symptoms as measured by the Center for Epidemiological Studies-Depression (CES-D) scale and disability as measured by activities of daily living (ADLs) and instrumental activities of daily living (IADLs). The CES-D is a 20-item scale consisting of questions about feelings and behaviors. For each question, patients and proxies were asked how often within the past week the patient felt a certain way (rarely, sometimes, occasionally, most of the time). Each item was worth 0 to 3 points, for a total of 0 to 60 points, where higher scores indicate more severe depressive symptomatology (Radloff, 1977) .
For each ADL, patients and proxies were asked whether in the past week the patient performed the task independently, performed the task with human and/ or equipment assistance, did not perform the task for health reasons, or did not perform the task for nonhealth reasons. Each task was dichotomized as dependent (requiring assistance or unable to perform the task for health reasons) versus independent. Patients who reported not performing the task for nonhealth reasons were classified as not dependent, because this reason does not indicate disability. The ADL summary scale was calculated as the number of ADL dependencies (range: 0-10), where higher scores indicate more ADL dependence. The scale consisted of 10 tasks (walking 10 ft, transferring to/ from bed, putting on socks and shoes on both feet, transferring to/from toilet, eating, putting on shirt, buttoning shirt, grooming, bathing, putting on pants) that tap into mobility and domains considered by Katz (Katz, Ford, Moskowitz, Jackson, & Jaffe, 1963) : eating, toileting, bathing, dressing, and transferring.
Patients and proxies were asked about the patients' need for assistance in performing each IADL task during the last 2 weeks. As with ADLs, each task was dichotomized as dependent versus independent. The IADL summary scale was calculated as the number of IADL dependencies (range: 0-7), thus higher scores indicate more IADL dependence. The scale consisted of seven tasks adapted from the Older Americans Resources and Services instrument (Fillenbaum, 1988) : using the telephone, handling money, taking medications, traveling to places out of walking distance, shopping, preparing meals, and doing housework. Proxies completed assessments of patient CES-D, ADLs, and IADLs from the proxy viewpoint, the "proxy-proxy" perspective (Pickard & Knight, 2005) . That is, proxies reported based on their own assessment of the patient rather than what they thought the patient self-reported.
Proxy characteristics considered in subgroup analyses were self-rated health (poor or fair vs. good or excellent), relationship with patient (spouse, other relative, not related), and living arrangement with patient (not living together, living < 1 year together, living ≥1 year together). These characteristics were chosen because previous studies found relationships between these factors and proxy-patient discrepancy or agreement (Magaziner et al., 1988 (Magaziner et al., , 1996 Ostbye et al., 1997) . Proxies' self-rated health was assessed because it may relate to psychological distress and caregiver burden, both of which are associated with proxy-patient discrepancies (Long et al., 1998; Rothman et al., 1991) .
Data on patient age and cognition and proxy age and sex were also collected. Cognition was measured using the Mini-Mental State Examination (MMSE), a scale ranging from 0 to 30, where higher scores indicate better cognition (Folstein, Folstein, & McHugh, 1975) .
Statistical Analysis
Characteristics of proxies and patients described above were compared between male and female patients using independent two-sample t tests or Wilcoxon rank-sum tests for continuous variables. Chi-square tests were used to compare categorical characteristics. Means of ADLs, IADLs, and CES-D were calculated separately by patient sex and rater. Rater-specific mean sex differences and 95% confidence intervals were calculated and assessed using two-sample t tests. Next, mean sex differences for ADLs, IADLs, and CES-D and 95% confidence intervals were calculated separately by rater within subgroups of proxy characteristics (proxy self-rated health, relationship to patient, and length of time living with patient). Statistical significance was defined as p < .05 or 95% confidence intervals that exclude 0. Table 1 provides patient and proxy characteristics for the study sample. Female patients were significantly older (mean age 81.2, standard deviation [SD] = 7.0 years) than male patients (mean age 78.9, SD = 7.6 years). Compared to proxies for female patients, proxies for male patients were significantly older (mean age 64.1, SD = 15.8 years vs. mean age 59.4, SD = 13.4 years), and significantly more likely to be female (85.7% vs. 74.9%), to report poor or fair health (22.4% vs. 13.1%), to be the patient's spouse (46.9% vs. 8.2%), and to have lived at least 1 year with the patient (73.5% vs. 45.0%), all p < .05. In addition, the minimum MMSE score for female and male patients was 10 and 19, respectively; the maximum score for both groups was 30. Table 2 shows mean number of ADL and IADL dependencies, and mean CES-D score by patient sex and rater. The mean ADL sex difference (males minus females) was 0.40 (95% confidence interval [CI] [-0.46, 1.25]; p = .37) when using proxy reports, and 0.70 (95% CI [-0.07, 1.47]; p = .08) when using patient self-reports. The mean IADL sex differences were similar between proxy reports (mean difference = -0.12; 95% CI [-0.79, 0.56]; p = .73) and patient reports (mean difference = -0.13; 95% CI [-0.74, 0.48]; p = .68). Last, the mean CES-D sex difference was -3.60 (95% CI [-6.89, -0.31]; p = .02) when using proxy reports, and -1.26 (95% CI [-4.12, 1.61]; p = .38) when using patient self-reports. Table 3 shows ADL, IADL, and CES-D sex differences by rater and proxy subgroups. Rater discrepancies of mean ADL sex differences were largest among proxies living with the patient for less than 1 year, where the sex difference (male patients minus female patients) was -1.96 (95% CI [-3.79, -0.13]) using patient self-reports and 0.32 (95% CI [-2.03, 2.67]) using proxy reports. In contrast, for proxies living with the patient for at least 1 year, the sex difference was 1.02 (95% CI [0.01, 2.03]) using patient self-reports and 0.55 (95% CI [-0.57, 1.66]) using proxy reports. Rater discrepancies of mean ADL sex differences were also large among proxies who rated their health as poor or fair although both raters reported greater ADL disability among males. The sex difference was 2.43 (95% CI [0.77, 4.08]) using patient selfreports and 0.92 (95% CI [-1.09, 2.94]) using proxy reports. Rater discrepancies of mean IADL sex differences shown in Table 3 were small and the sex differences for all subgroups and both raters were all nonsignificant. The mean CES-D sex differences for all subgroups and both raters were also all nonsignificant; however, some subgroups had large rater discrepancies. Rater discrepancies of mean CES-D sex differences in Table 3 were largest among proxies not living with the patient, where the sex difference 
Results
Discussion
Results from this study indicated that conclusions about sex differences in ADL disability and depressive symptoms differed by rater. We found ADL disability to be marginally significantly greater in men compared to women using patient data, but no statistically significant sex difference in ADLs using proxy data. This discrepancy was due to proxies overreporting ADL disability in females relative to patient self-reports. Depressive symptoms, as measured by the CES-D, were significantly greater in women compared to men using proxy data, but not significantly different using patient data. This result occurred because, in contrast to previous studies (Bassett et al., 1990; Mackenzie et al., 1989 Mackenzie et al., , 1997 Teri & Wagner, 1991) , proxies in this study underreported depressive symptoms in both sexes, and at a greater magnitude in male patients than in female patients. Proxies overreported IADL disability at equal magnitudes in both sexes, resulting in no discrepancy between patient and proxy reports regarding IADL sex differences. We found that proxy-patient living arrangement affected the magnitude and direction of discrepancies between raters when assessing sex differences. Most notably, rater discrepancies for ADLs and CES-D sex differences were smallest for proxy-patient dyads living together for at least 1 year compared to other living arrangements. This result suggests that the ideal proxy, when available, is one who has been cohabitating with the patient for at least 1 year. One potential reason for the large CES-D discrepancy is that male patients may be reluctant to express feelings of despair to noncohabitants, leading to large discrepancies between male patients and their noncohabitating proxies; but these feelings may be expressed to or perceived by cohabitants via nonverbal cues (Kessler, Brown, & Broman, 1981; Mirowsky & Ross, 1995) .
Rater discrepancies in sex differences may differ by outcome examined. ADL and IADL scales are designed to assess disability, which is not a characteristic inherent in individuals. Rather, disability is the interaction of individuals with their environment (Verbrugge & Jette, 1994) . Thus rater discrepancies may be due to differences in how the proxies and patients interact with their environment (e.g., different environments, different ability expectations, etc.; Albrecht & Devlieger, 1999) . These differences may be gender-role related, where, for example, male patients who do not regularly do housework may not report being unable to do housework. Also, given that the patients have been in the process of recovering from an acute injury for 12 months, patients may compare their current abilities to those during an earlier phase of recovery rather than to prefracture abilities, thus leading to higher levels of self-efficacy than the proxy's perceived efficacy of the patient (Seeman, Unger, McAvay, & Mendes de Leon, 1999) . This last explanation is an example of response-shift, in which adaptation to conditions (e.g., disability following hip fracture) leads to different perceptions of conditions, and therefore changes in responses (Daltroy, Larson, Eaton, Phillips, & Liang, 1999; Gibbons, 1999) . Shifts in patient response may be due to changes in standards, definitions, or values. For example, in the absence of objective confirmatory information of improved independence, a patient who previously reported requiring assistance in doing housework may now report requiring no assistance. This change in response may reflect compensations or environmental modifications being employed for doing housework, or housework ceasing to be a priority. Such changes in perspective may not be observable to a proxy and may differ by sex (e.g., men and women may perceive changes in their ability to do housework differently), thus leading to dyadic disagreement that differs by sex. Indeed, previous work in communitydwelling older adults has found that women have worse perceived declines in function than do men, even after adjusting for functional performance (Daltroy et al., 1999; Gibbons, 1999 ).
An additional origin for proxy-patient discrepancies that is particularly relevant for hip fracture patients is caregiver burden. Perceived caregiver burden and psychological distress of proxies have been associated with overreporting of disability (Long et al., 1998; Rothman et al., 1991) . Spouse proxies (Ostbye et al., 1997) and proxies living with the patient (McLoughlin et al., 1996) may perceive less burden than offspring proxies because, unlike offspring, spouses and cohabitants generally need not commute between two households or juggle caregiving activities with other duties (e.g., work, raising a family). In this sample, proxies for men were more likely to be a spouse or a cohabitant of the patient than proxies for women. These differences in proxy characteristics correspond to previous reports of sex differences in care giver characteristics, with men receiving more hours of home care than women (Katz, Kabeto, & Langa, 2000) .
Last, discrepancies between patients and proxies may be due to the perspective from which proxies provided reports. Pickard and Knight (Pickard & Knight, 2005) described two proxy perspectives: the "proxy-proxy" perspective, where proxies report their own assessment of the patients, and the "proxy-patient" perspective, where proxies report how they think the patients would respond. Although this study used the proxy-proxy perspective, which is expected to be less consistent with patient reports than the proxy-patient perspective, a recent randomized trial of cancer patients found that perspective did not significantly affect dyadic disagreement (Gundy & Aaronson, 2008) . However, a similar study on perspective has not been performed among hip fracture patients, and it is unknown whether perspective affects proxy reporting differently between male and female patients.
This study has multiple strengths. First, the inclusion of male and female hipfracture patients and patient-identified proxies allowed direct proxy-patient comparisons. Second, we not only examined differences in patient-proxy reporting differences but we also examined how these differences affect conclusions about an important clinical issue: sex differences in disability and depression after fracture. Third, we were able to examine reporting differences across subgroups, allowing us to identify optimal proxy characteristics for recruitment in future studies. Despite these strengths, the following limitations should be kept in mind. First, the study sample was small, leading to difficulty in detecting proxy-patient dyadic disagreement in mean sex differences, especially within proxy subgroups. More important, proxy-patient dyadic disagreement can only be assessed among patients willing and able to respond to interview questions. Comparisons cannot be made with patients who require a proxy, that is, those who are too sick or too cognitively impaired to respond to interview questions. Also, we treat patient data as the gold standard here as is often done in proxy-patient validation studies (i.e., patient perceptions of disability and depressive symptoms are the targets of evaluation); however, it is possible that patients may misreport disability or depressive symptoms, for example, due to cognitive impairment (Snow et al., 2005) . Last, the study only included patients from the greater Baltimore area, resulting in limited generalizability.
Consistent with previous research, we found that proxy data should not be used interchangeably with study participant data . The innovation of this study was showing that discrepancies between patient and proxy reports may lead to qualitatively different scientific conclusions about postfracture sex differences, depending on the rater. These results are clinically significant because they demonstrate that substituting proxy data for missing patient data can lead to inaccurate findings. A consequence of this problem is that proxy-patient dyadic disagreement can impede identifying important targets of intervention to improve recovery from hip fracture among older men and women.
The current practice of substituting proxy data for missing patient data is equivalent to making the implausible assumption of perfect correlation between patient and proxy responses (Snow et al., 2005 ). An open methodologic question is how to account for differential proxy-patient disagreement, in particular, how to use proxy characteristic data to correct for discrepant proxy responses in statistical analyses when patient perceptions are considered the gold standard. When proxy responses are collected, one solution is to recruit a small proxy validation sample for patients who also provide selfreports. The validation sample can be used to perform a sensitivity analysis by reanalyzing data, where proxy responses are adjusted by the average amount of proxy-patient disagreement estimated from the validation sample (Magaziner, 1992) . Such an approach would improve the transparency and reproducibility of research reports by providing readers a characterization of potential bias from proxies. Also, a recent report suggested performing a sensitivity analysis by adapting statistical methods that were originally designed to handle missing data to handle discrepancies from proxy data (Shardell, Hicks, Miller, Langenberg, & Magaziner, 2010) .
In conclusion, this study showed that findings about sex differences in patient disability and depressive symptoms differed by rater. When proxy reports are needed in research studies, proxies living with study patients for at least 1 year may provide more accurate reports than other proxies for both sexes. If such a proxy is unavailable, then sensitivity analyses accounting for proxy characteristics, ideally using a validation sample, are recommended. Additional research identifying other targets of intervention prone to differential proxy-patient dyadic disagreement is warranted.
